Introduction
Ulcerative colitis (UC) is an idiopathic inflammatory bowel disorder characterized as a chronic condition in which the colon mucosa becomes inflamed and ulcerated. 1, 2 UC affects about 0.24% of the UK population per a 2011 report by the National Institute for Health and Care Excellence. 3 The symptoms of UC can lead to a substantial negative impact on patient quality of life, even when compared with other chronic conditions, such as rheumatoid arthritis. 4 Patients with UC also incur a significant economic burden, including direct medical costs and indirect costs associated with absenteeism and productivity loss. 5 Current pharmacologic treatments for UC are not curative. Current treatments manage acute disease symptoms and prevent relapses. 6 UC is first managed by conventional therapies, such as aminosalicylates, steroids, and immunosuppressants. 2 In patients for submit your manuscript | www.dovepress.com
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Wilson et al whom conventional therapy fails (either due to lack of efficacy or intolerability), another mix of conventional therapies or biologic treatments may be used to manage the disease. All current biologic therapies work by inhibiting TNF-alpha (ie, anti-TNF therapies). For patients for whom pharmacotherapy is ineffective, surgery may be an alternative. Vedolizumab is a novel biologic treatment with a novel mechanism of action: unlike systemic anti-TNF therapies, vedolizumab is gut-specific. In the Phase III GEMINI I trial, vedolizumab patients had higher response and remission compared with those on conventional therapy. 7, 8 The results of the GEMINI I trial demonstrated that vedolizumab may provide a greater health benefit than conventional therapy.
The study objective was to estimate the cost-effectiveness of vedolizumab compared with conventional therapy in patients with moderately-to-severely active UC in the UK, as seen in the GEMINI I trial. The abstract of this paper was presented at the 23 rd United European Gastroenterology Week Conference in 2015 as a poster presentation with interim findings. The poster's abstract was published in "Poster Abstracts" in UEG Journal. 9 
Methods
Model structure
To examine the costs and outcomes associated with vedolizumab and conventional therapy in a moderately-to-severely active UC population, we developed a decision-analytic model based on a model developed by Tsai et al. 10, 11 Specifically, we created a model including a decision-tree and long-term Markov framework ( Figure 1 ). The model considers three on-treatment health states based on Mayo scores: remission (Mayo <3); mild UC (Mayo 3-5), and moderatesevere UC (Mayo ≥6). In addition, we included three health states related to surgery: surgery; post-surgery remission; and post-surgery complications. The basic model structure is consistent with an indirect comparison of vedolizumab with other biologics. 12 The induction phase of the model represents the GEMINI I trial's 6-week induction period. During this phase, patients with moderate-severe disease initiate treatment with either vedolizumab or conventional therapy and are monitored for response at the end of 6 weeks, as seen in the GEMINI I trial. Patients responding to vedolizumab in induction and who do not experience discontinuation resulting from adverse event intolerability then enter a long-term Markov model for maintenance therapy in one of the three Mayo-score health states ( Figure 1B) . Patients who respond to treatment may remain on therapy moving through these health states. Patients who fail to respond in induction, who subsequently lose response, or who experience intolerability to adverse events are assumed to discontinue vedolizumab and switch to conventional therapy.
Patients in the conventional therapy arm (whether at the onset of the model or after switching from vedolizumab) face a similar decision-tree for induction as vedolizumab patients. However, those who fail to respond to conventional therapy are assumed to remain in the moderate-severe health state until they require surgery.
Patients in either arm of the model in moderate-severe disease incur a risk of surgery. Those who require surgery move to the surgery health state and are assumed to discontinue pharmacotherapy ( Figure 1B ). Following surgery, these patients may transition among the surgery-related health states in each subsequent cycle: post-surgery remission (free of complications); post-surgery complications (experiencing complications); or surgery (requiring another surgery).
All patients incur a risk of death in any cycle in the model, regardless of their current health state or pharmacotherapy.
The model was populated with data from the GEMINI I trial and the published literature, and estimated costs and outcomes from the National Institutes of Health and Personal Social Services perspective over a patient's lifetime. Costs and outcomes were presented in 2013/2014 British pounds, and we assumed an annual discount rate of 3.5% for both as specified by the National Institute for Health and Care Excellence. 3 
Patient population
The patients in this analysis were from the GEMINI I trial. Specifically, we included patients with moderately-toseverely active UC (ie, Mayo score ≥6) "who have had an inadequate response with, lost response to, or are intolerant to either a conventional therapy or an anti-TNF". 7 Patients in the trial were a mix of anti-TNF-naïve and anti-TNFfailure, with 51.8% of patients being anti-TNF-naïve. The modeled population averaged 40.25 years of age and 73.43 kg in weight, with 58% being male as seen in the GEMINI I trial. 7 We examined costs and outcomes in the following three populations:
• mixed population: patients in this population represent the entire GEMINI I trial population (includes both anti-TNF-naïve and anti-TNF-failure patients, representing the intent-to-treat [ITT] population of the GEMINI I trial); 
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• anti-TNF-naïve subgroup: patients who have never received a biologic treatment; • anti-TNF-failure subgroup: patients who have previously failed an anti-TNF treatment.
Treatments
Treatment with vedolizumab (300 mg) at baseline, week 2, week 6, and every 8 weeks thereafter in combination with conventional therapy (a combination of treatments such as azathioprine, 6-mercaptoprurine, methotrexate, 5-aminosalicylate, sulfasalazine, oral mesalamine, prednisolone or budesonide, and antibiotics) was compared with conventional therapy alone. Though patients receiving vedolizumab could also receive conventional therapy, we assumed vedolizumab patients took lower doses of conventional therapy than those taking only conventional therapy. Details on the proportion of patients receiving each treatment comprising conventional therapy can be seen in the Supplementary materials. Patients responding to vedolizumab were then treated for 1 year, as in the GEMINI I trial. However, we do not have long-term efficacy data for vedolizumab. As such, there is great uncertainty regarding treatment efficacy over a patient's lifetime. Due to the lack of data beyond 1 year, for the base case we assumed that after 1 year any patients still on vedolizumab would then switch to conventional therapy alone, and incur the costs and transition probabilities associated with conventional therapy.
Inputs
Treatment efficacy
We used treatment response (defined as a decrease in Mayo score ≥3) and remission (Mayo ≤2) at 6 weeks (end of induction) and at the 52 weeks (maintenance), as seen in the GEMINI I trial (Final Clinical Study Report C13006, unpublished data, 2012). 7 The estimated response and remission probabilities for each of the three subpopulations are presented in Table 1 .
For responding patients, the health state that a patient transitions to is based on response or remission and what his or her Mayo score was prior to response or remission. We obtained the percentage of responders remaining in moderatesevere disease state from the trial data (13.2%, 10.1%, and 20.9% of responders for the mixed [ITT] population, anti-TNF-naïve population, and anti-TNF-failure population, respectively).
To estimate disease progression in the maintenance phase and beyond, we optimized transition probabilities such that the modeled proportion of patients in remission and mild UC at the end of the maintenance phase most closely approximated what we would expect given the GEMINI I trial data. Due to lack of long-term (>1 year) trial data at the time of model development, we assumed the derived transition probabilities would be similar over time. The probabilities of each health state transition for each treatment can be seen in the Supplementary materials.
Patients requiring surgery were assumed to permanently discontinue pharmacotherapy. These patients then transitioned among the three surgery and post-surgery health states. We estimated the health state transition probabilities for the surgery and post-surgery health states from previously published studies. These probabilities can be seen in the Supplementary materials.
Clinical safety and discontinuation
Patients on vedolizumab may discontinue due to lack of efficacy or due to adverse events. We assumed all patients who did not respond in induction discontinued after the induction phase. The data for discontinuations in the maintenance phase for patients on vedolizumab were obtained from the clinical trial data (36.89%, 26.39%, and 48.84% for the mixed, naïve, and failure populations, respectively). After 1 year, any patient who lost response was assumed to discontinue. We did not assume any adverse event-related discontinuation after 
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Mortality
Because UC has not been shown to increase the risk of mortality, patients in the analysis are assumed to have mortality similar to the general population. Age-and sex-specific all-cause mortality data were obtained from the Office for National Statistics. 13 Mortality risk was assumed to increase as patients aged over time in the model.
Utility
Quality-adjusted life-years (QALYs) were estimated by applying utility weights (ranging from 0 for death to 1 for perfect health) to each modeled health state. Health state utilities for remission, mild disease, and moderate-to-severe disease were obtained from a pair of studies by Tsai et al and Punekar and Hawkins, 10, 11 which presented utility weights based on EuroQol five dimensions data from a UK population.
Treatment-specific adverse event rates, along with utility decrements for selected events (eg, serious infection, tuberculosis, lymphoma, hypersensitivity reactions, and skin reactions), were obtained from the published literature. Unfortunately the previous economic models in UC did not include adverse events, so utility data were obtained where available from the published literature (Table 2) .
Costs
We considered only direct medical costs in this study. These included drug acquisition and administration costs, medical costs specific to each health state, and adverse event-related medical costs (Table 2 ). Vedolizumab's cost was assumed to be £1,500 per 300 mg vial and £328 per intravenous administration. Conventional therapy was assumed to have an average cost of £102 per day based on expert clinical opinion.
14 Dosing and unit costs were obtained from the British National Formulary. 15 We assumed that the conventional therapy costs for patients taking vedolizumab were half that of the cost incurred by patients taking only conventional therapy.
To estimate the per-cycle cost for each health state, health state-specific resource use was obtained from Tsai et al, 10 who reported annual resource use for each health state as estimated by a panel of UK gastroenterologists. Unit costs from the National Institutes of Health Reference Cost database 16 and Buchanan et al 17 were multiplied by per-cycle resource use and updated to 2013/14 British pounds (Table 2) . Adverse event costs were assumed to be the weighted average costs Adverse event costs are based on NHS reference costs for each condition. 16 e Data sources for adverse event disutilities are as follows: serious infection, 20 tuberculosis, 21 lymphoma, 22 acute hypersensitivity reactions, 23 and skin site reactions. 24 All were adjusted by a mean age-related utility adjustment factor of 0.91.
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Calculations
The model estimated costs (drug, other medical, and total) as well as life-years and QALYs. In addition, the incremental cost-effectiveness ratios (ICERs) were calculated as the difference in costs of care divided by the difference in QALYs between the two strategies. We generated these results for each of the three patient populations. Parameter uncertainty was examined through one-way and multivariate probabilistic sensitivity. Uncertainty around model parameter estimates was based on the 95% CI using calculated or reported patient counts, standard errors, or ranges, where available. When such data were not available, we assumed the 95% CI to be ±20% of the base-case estimate. Costs and risk multipliers were varied ±20% assuming a gamma distribution; utility weights, adverse event risks, and discontinuations were varied assuming a 95% CI with a beta distribution; transition probabilities followed a Dirichlet distribution. For the probabilistic sensitivity analysis, we performed a second-order Monte-Carlo simulation with 3,000 simulations.
Results
Base-case results
In the base-case analysis, treatment with vedolizumab resulted in more QALYs than conventional therapy regardless of patient population (Table 3 ). Overall costs were higher for patients on vedolizumab than patients on conventional therapy (Table 3) . Vedolizumab was cost-effective (ICER <£30,000/QALY gained) in all patient populations, with ICER values of £4,095/QALY and £4,423/QALY, and £5,972/ QALY, in the mixed, anti-TNF-naïve, and anti-TNF-failure populations, respectively.
One-way sensitivity analysis
Figures 2A-C illustrate one-way sensitivity analyses comparing vedolizumab with conventional therapy in each subpopulation. Results were most sensitive to induction response during induction and the health state transition probabilities from remission and from surgery.
Multivariate probabilistic sensitivity analysis
In the probabilistic sensitivity analysis, vedolizumab was cost-effective compared with conventional therapy in over 99% of cases in both the mixed population and anti-TNFnaïve populations, as shown in the cost-effectiveness acceptability curve (Figure 3) . Vedolizumab was cost-effective in 89.9% of simulations in the anti-TNF-failure subgroup. In all simulations, vedolizumab was more effective than conventional therapy. Vedolizumab was also cost-saving in approximately 19%-20% of simulations.
Discussion
We developed a model to compare vedolizumab plus conventional therapy with conventional therapy in patients with moderately-to-severely active UC in a UK population. We considered the full GEMINI ITT population (which includes anti-TNF-naïve and anti-TNF-failure patients) and the anti-TNF-naïve and anti-TNF-failure populations individually. In all analyses, vedolizumab was the most cost-effective treatment.
Our model results are aligned with the results of previous UC models. 10, 18 In the anti-TNF-naïve population, Tsai et al 10 estimated 3.838 QALYs over 10 years for patients on conventional therapy. Similarly, the National Institute for Health and Care Excellence health technology assessment submission for infliximab estimated 3.828 QALYs for patients treated with conventional therapy. 18 When using utility weights from Tsai et al, 10 assuming no health state 
647
648
Wilson et al effect on mortality, and using a 10-year time horizon, our model estimated 3.830 QALYs for patients on conventional therapy. No previous models considered a mixed population or an anti-TNF-failure population, so a comparison could not be drawn for these analyses.
A recently-presented meta-analysis of real-world cohort studies of vedolizumab in UC found that 43% of patients achieved response by week 6 and 24% achieved remission. 25 Our model assumed 47% response and 17% remission at 6 weeks for vedolizumab for the mixed population. Similarly, at 1 year, the meta-analysis found that 64% of vedolizumab patients achieved response at 12 months with 51% in remission, whereas our study assumed 56% response at 12 months and 42% remission. As such, our model assumptions and results align quite well with the real-world evidence for vedolizumab in UC.
This analysis has several limitations. First, we used response and remission data from the GEMINI I trial, which was a clinical trial conducted in multiple countries. It is important to note that clinical trial efficacy may be higher than what we would expect in a real-world setting where treatment compliance may be lower. However, it is unclear whether this would bias the results in any particular direction. Additionally, because the trial is a multinational trial, there may be differences in efficacy among patients in the UK as compared with other countries. The impact of this limitation is uncertain.
An additional clinical data limitation is the lack of longterm efficacy data. This data limitation makes it challenging to project costs and outcomes beyond 1 year. We took the 
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Probabilty cost effective 80% 100% approach of setting the maximum duration of therapy to 1 year in estimating our results. To test this assumption, we allowed responders to continue vedolizumab indefinitely assuming efficacy consistent with the maintenance phase. In this scenario analysis, we found that the ICER did not exceed £20,000/QALY in any population. However, one would expect that patients who have responded to vedolizumab for 1 year would exhibit better continued response than those over the course of the maintenance phase following induction (which included some induction responders who ultimately lost response). As such, by assuming similar efficacy to that observed in the maintenance phase, we may actually be underestimating the longer-term efficacy of vedolizumab for those who achieved and maintained response for 1 year. But even in this conservative assumption, vedolizumab remained cost-effective.
Limited data are available regarding parameter estimates for the post-surgical health states and adverse events. Transition probabilities for the post-surgical health states were estimated based on available data, however the transition among these health states is unclear. The results were not sensitive to these transition probabilities: eliminating the probability of surgery from the model (and thus eliminating entry to the post-surgical health states) resulted in an ICER of below £10,000/QALY for vedolizumab in all populations. Additionally, previous economic analyses of UC did not include adverse events, which made obtaining data for the costs and disutilities difficult. Furthermore, some of the adverse events were extremely rare, making it difficult to accurately estimate their probability based on short-term 
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Vedolizumab versus conventional therapy cost-effectiveness model trials with relatively small patient counts. However, assuming an extreme scenario of 5% annual probability of lymphoma and tuberculosis for vedolizumab did not result in an ICER above £20,000/QALY. Conversely, zeroing out the risk of adverse events had minimal impact on the results. As such, the concerns regarding these data limitations are minimal.
Finally, we assumed patients are 100% adherent to their treatment. However, in the real world, patients on vedolizumab may skip a scheduled infusion (ie, drug holiday). The assumption of 100% treatment compliance may overstate the benefits of the more effective treatment. However, the assumption of full compliance may also be conservative with respect to vedolizumab, as we may be overestimating the costs of drug acquisition/administration.
Conclusion
Vedolizumab has shown better clinical response than conventional therapy in UC, as seen in the GEMINI I trial. The results of this analysis echo these results from an economic perspective: treatment with vedolizumab improves clinical outcomes (ie, greater QALYs, more time spent in remission and response, fewer surgeries) compared with conventional therapy for patients with moderately-to-severely active UC. When considering both costs and efficacy over a patient's lifetime, vedolizumab was found to be a cost-effective treatment.
The results of this study also illustrate a potential benefit of vedolizumab as another alternative to surgery. Previously, failure of biologic therapy would leave patients without alternatives other than surgery for treatment of their disease. Surgery can be quite costly and result in substantial reduction in quality of life. 5 As such, the introduction of a novel, effective biologic treatment with an alternative mechanism of action than anti-TNF treatments provides patients with UC with another alternative to delay or avoid unwanted surgery.
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Supplementary materials
Conventional therapy
Conventional therapy in the model includes a combination of aminosalicylates, corticosteroids, and immunomodulators. The proportion of treatments defining conventional therapy was based on expert clinical opinion. 1 The estimated treatment cost of conventional therapy is based on the doses and unit costs reported in the British National Formulary. 2 The treatment options, dosing assumptions, and estimated treatment mix for patients receiving the conventional therapy strategy are summarized in Table S1 . The percentages sum to greater than 100% because patients may be on multiple therapies. We assume that the resource-use cost of conventional therapy for patients taking biologics is half that of the costs of the conventional therapy strategy alone. We tested this assumption in a scenario analysis in which we assumed conventional therapy costs for the biologic regimens are equivalent to those for the conventional therapy regimen.
Health state transitions
We derived the health state transition probabilities for the Mayo-score-based health states using response and remission data from the induction and maintenance phases of the GEMINI I trial. The transition probabilities were calibrated to align as closely as possible to the modeled proportion of patients in remission and mild disease at 54 weeks, with the expected proportion of patients in these states given the GEMINI I trial data. Table S2 presents the Mayo-score health state transition probabilities for each treatment and for each health state.
We estimated the health state transition probabilities for the three surgery-related health states using published data (Table S5) . 
